Background. The ability to differentiate chickenpox from smallpox is important for early recognition of bioterrorism events and prevention of false alarms. The febrile prodrome is a clinical feature used to differentiate these conditions. However, the prevalence of prodromal manifestations in chickenpox has not been well established.
Before its eradication, smallpox was confused with chickenpox more frequently than with any other illness [1] . The similarities between the diseases and the importance of making the correct diagnosis led an infectious disease expert to declare that there was "no more important diagnosis in clinical medicine than the differentiation of these two diseases" [2, p. 266] . Because of recent concern over smallpox as a possible agent of bioterrorism, it is once again important that clinicians be able to distinguish between these 2 conditions, to reduce false alarms and to increase the likelihood of correctly identifying a smallpox case. Differentiating smallpox from other conditions presents a challenge for practicing physicians, because most have never seen a case of smallpox. This issue has been addressed by attempting to educate physicians about smallpox [3] . In addition, the Centers for Disease Control and Prevention (CDC) developed an algorithm for evaluating patients for smallpox [4] . The CDC algorithm is intended to help clinicians differentiate smallpox from chickenpox and from other illnesses with which it might be confused. Experience with the algorithm thus far indicates that chickenpox continues to raise concern for smallpox more frequently than does any other condition [5] .
One of the clinical features used to distinguish chickenpox from smallpox is the absence of a significant febrile prodrome [1, 2] . The presence of a febrile prodrome-defined as fever (temperature, у38.3ЊC) and у1 of the following symptoms: prostration, headache, backache, chills, vomiting, or severe abdominal pain-is 1 of 3 major criteria used to assess smallpox risk in the CDC algorithm [4] . A febrile prodrome was a nearly universal feature of smallpox [1, 6] . Chickenpox, by contrast, is described as a febrile rash illness with a mild or absent prodrome [7, 8] , although severe prodromes have been known to occur, particularly among adults [2, 9] . Few data have been published on the frequency and extent of prodromal symptoms among patients with chickenpox. A population-based active surveillance project for varicella provided the opportunity to study prodrome characteristics of chickenpox cases, compare them with historical data on the classic smallpox prodrome, and determine what proportion might meet the smallpox febrile prodrome criteria in the CDC algorithm. Surveillance methods for this project have been detailed elsewhere [10] . Varicella cases are reported every 2 weeks from a variety of sources, including schools, universities, child care centers, private health care providers, health maintenance organizations, emergency departments, hospitals, public health clinics, and households. Cases are investigated, and a standard case report form is completed for cases that meet the clinical case definition recommended by the Council for State and Territorial Epidemiologists: "An illness with acute onset of diffuse (generalized) maculo-papulovesicular rash without other apparent cause" [11] . Cases are clinically diagnosed; there is no routine laboratory confirmation. Information on the clinical course and history of previous varicella-zoster virus infection is self-reported. Information on varicella vaccination status is obtained from immunization records or from parent or casepatient recall and is verified with health care providers or school records for the majority of cases. Questions about prodromal symptoms were added to the case investigation form in January 2002.
METHODS

Project description.
Definitions. Prodromal manifestations were defined as signs or symptom occurring in the 1-4 days before onset of rash (referred to hereafter as the "prodrome period"). The case investigation form specifically addresses the presence and degree of fever during the prodrome period. The presence of any other prodromal symptoms is elicited with an open-ended question; interviewers use check boxes to record whether any of the following 8 symptoms are reported: abdominal pain, headache, sore mouth, backache, chills, vomiting, malaise, and symptoms of upper respiratory tract infection. The degree of illness during the prodrome period was defined by the case patients' subjective report of being "severely sick (bed-bound)," "moderately sick," or "not sick at all (normal)" during this time. The proportion of cases meeting the smallpox febrile prodrome criteria was calculated by use of the definition given in the CDC algorithm [4] , with fever defined in 2 different ways. First, fever involving a temperature of у38.3ЊC was considered to be present only for case patients reporting a measured temperature in this range; or second, any fever during the prodrome period (measured or subjective) was considered sufficient. For both calculations, a subjective report of severe illness was considered equivalent to "prostration," and abdominal pain was accepted in lieu of "severe abdominal pain."
The prevalence of prodromal symptoms among smallpox patients was taken from a case series of 6942 adult and pediatric patients with variola major from a hospital in Madras, India, between 1961 and 1972 [6] . The proportion likely to meet the smallpox febrile prodrome criteria was estimated on the basis of the prevalence of the individual symptoms.
Statistical analysis. Data were analyzed with SAS, version 8.02 (SAS Institute). We examined prodrome manifestations among chickenpox case patients by vaccination status, age group (0-14 years or у15 years), race (African American or white; "other" not evaluated), history of prior varicella-zoster virus infection, and region of enrollment. The younger age group was examined both with and without children 0-1 year old, with no significant difference in findings; therefore, data for case patients aged 0-14 years old are presented together. Categorical variables were compared by use of x 2 tests of association or Fisher's exact test, as appropriate. A 2-sided Wilcoxon rank sum test was used to compare median ages between the sites. Multivariable logistic regression was used to assess the effects of vaccination status, age group, race, history of prior varicella-zoster virus infection, and region of enrollment on various prodrome manifestations and to calculate ORs and 95% CIs. Pearson correlation coefficients were calculated to assess correlation between explanatory variables. Variables with a coefficient of у0.3 were considered correlated, and only 1 was used in the model to avoid colinearity. The significance level chosen for all analyses was .05. Patients for whom the outcome of interest was unknown were excluded from analysis.
RESULTS
Case characteristics.
A total of 979 chickenpox cases were identified in the project sites between January 2002 and Sep- ). The 2 sites differed significantly in the age disn p 12 tribution of cases, with a larger proportion of case patients aged у15 years in West Philadelphia ( ) (table 1) . Although P ! .0001 the median ages were similar for both sites (8.1 and 8.3 years), mean ages were different. There were significant differences in the racial composition of case patients between the sites, with 81% of case patients being white in Antelope Valley, compared with 87% being African American in West Philadelphia (P ! ). The proportion of case patients who had previously .0001 been vaccinated against varicella was higher in West Philadelphia than in Antelope Valley, but only among children (65% vs. 42%;
). A history of prior varicella-zoster virus P ! .0001 infection was reported by 17%-18% of case patients overall and was significantly more common among older case patients in Antelope Valley than in West Philadelphia (49% vs. 28%;
). P p .01
Effect of vaccination on prodrome characteristics. Overall, prodromal symptoms were less prevalent and less severe among previously vaccinated case patients with chickenpox (table 2) . Analyses of vaccination effect were stratified by age group, because significant correlation was detected between vaccination status and age (Pearson's correlation coefficient, 10.3; P ! ). Because few vaccinees were у15 years of age, we present .0001 results from case patients 0-14 years old. Prodromal fever was reported by 36% of unvaccinated children and 25% of vaccinated children. After race and history of prior varicella-zoster virus infection were controlled for, vaccinated case patients were 42% less likely than unvaccinated case patients to report prodromal fever (OR, 0.58; 95% CI, 0.42-0.81), 35% less likely to report the presence of any prodromal symptom other than fever (OR, 0.65; 95% CI, 0.48-0.89), and 42% less likely to report moderate or severe illness during the prodromal period (OR, 0.58; 95% CI, 0.41-0.81). They were also less likely to report each of the specific prodromal symptoms studied, except vomiting, and were significantly less likely to report malaise (OR, 0.58; 95% CI, 0.40-0.86) and headache (OR, 0.59; 95% CI, 0.38-0.93). Vomiting was significantly more common among vaccinated case patients (OR, 2.27; 95% CI, 1.02-5.04). Among children, 7% of unvaccinated case patients versus 4% of vaccinated case patients met the smallpox febrile prodrome criteria, as elaborated in the CDC algorithm, although this difference was not statistically significant. If any fever was considered, this increased to 15% among unvaccinated case patients and 11% among vaccinated case patients.
Other factors effecting prodrome characteristics. Age, race, and history of prior varicella-zoster virus infection were risk factors for various prodromal manifestations (table 3) . Region of enrollment was not included in the explanatory models, because significant correlation was present between race and region of enrollment (Pearson's correlation coefficient, 0.7;
). Analyses were stratified by vaccination status be-P ! .0001 cause of the correlation between age and vaccination; results from unvaccinated case patients are presented here. Among unvaccinated case patients, risk factors for prodromal fever included age of у15 years (OR, 1.70; 95% CI, 1.05-2.74), no history of prior varicella-zoster virus infection (OR, 2.00; 95% CI, 1.25-3.13), and white race (OR, 1.60; 95% CI, 1.05-2.43). The presence of any other prodromal symptom was more likely to be reported by adults (OR, 1.73; 95% CI, 1.09-2.76) and by white case patients (OR, 2.05; 95% CI, 1.37-3.08). Of the individual prodromal symptoms on the case report form, age of у15 years was a risk factor for prodromal chills (OR, 5.20; 95% CI, 2.06-13.14), vomiting (OR, 2.82; 95% CI, 1.03-7.71), and backache (OR, 6.58; 95% CI, 1.21-35.72). White race was found to be a risk factor only for prodromal malaise (OR, 2.47; 95% CI, 1.50-4.07). Absence of prior varicella-zoster virus infection was a risk factor only for prodromal chills (OR, 10.90; 95% CI, 1.40-85.17). Moderate or severe prodromal illness among unvaccinated case patients was 2-3 times more common among white case patients, adults, and people with no history of varicella-zoster virus infection. White patients were more likely than African American patients to meet the febrile prodrome criteria if a measured temperature of у38.3ЊC was required (OR, 4.92; 95% CI, 1.68-14.43) or if any fever was considered (OR, 2.58; 95% CI, 1.42-4.69). Age of у15 years was a risk factor only if any fever was considered sufficient (OR, 2.26; 95% CI, 1.28-4.01).
Comparison with smallpox historical data. All prodromal symptoms were more frequent among smallpox than among chickenpox case patients, as shown in table 4. Among case patients with chickenpox, 3%-11% of those vaccinated and 7%-17% of those unvaccinated met the smallpox febrile prodrome criteria, depending how fever was defined, compared with 90%-100% of case patients with smallpox (table 4) . Prodromal fever was present in 25%-37% of case patients with chickenpox , compared with 100% of case patients with variola major [6] . Headache was present in only 10%-19% of case patients with chickenpox but in 90% of case patients with smallpox. Prodromal upper respiratory infection symptoms were reported by 8%-10% of case patients with chickenpox, compared with 15% of case patients with smallpox. Vomiting NOTE. Data are percentage of patients. Data from the case series of patients with variola major are from [6] .
a Measured temperature of у38.3؇C in the prodrome period and у1 of the following symptoms:
severe illness, headache, backache, chills, vomiting, or abdominal pain. b Any fever (measured or subjective) in the prodrome period and у1 symptom from the list in the previous footnote. c Adult prevalence is listed; the prevalence was 20% among children [8] . d Adult prevalence is listed; the prevalence was 40% among children [8] . e Adult prevalence is listed; the prevalence was 6% among children [8] .
was reported by 4%-6% of case patients with chickenpox, compared with 50% of case patients with smallpox. Backache, chills, and abdominal pain were all far less frequent among case patients with chickenpox than among case patients with smallpox, with each occurring in !5% of case patients with chickenpox. The prevalence of certain prodromal symptoms was higher in adults than in children among patients with smallpox in the case series referenced here, including chills (60% vs. 20%), vomiting (50% vs. 40%), and abdominal pain (13% vs. 6%) [6] . For each of these symptoms, the prevalence among children with smallpox still far exceeded that seen among children with chickenpox.
DISCUSSION
This is the first population-based study to evaluate the frequency of prodromal symptoms among patients with chickenpox. Our data show that 7%-17% of unvaccinated case patients with chickenpox meet the smallpox febrile prodrome criteria, depending on how fever is defined, with higher percentages seen among adults and white case patients. Because a febrile prodrome is necessary for a case to be classified as moderately or highly likely to be smallpox, it can be inferred that no more than 17% of unvaccinated case patients with chickenpox would fall into these categories. However, this is still a considerable proportion of patients with chickenpox who could potentially be classified as having moderate or high likelihood of smallpox.
Although the absence of a prodrome is reassuring, its presence by no means guarantees that a patient will be classified as having a moderate or high likelihood of smallpox. Further assessment of suspected smallpox cases is based on the remaining major and minor smallpox criteria, which relate to the character and location of the lesions and to the clinical course of illness [3, 4] . Because varicella vaccine is not 100% effective in preventing varicella [12, 13] , a history of vaccination does not exclude the possibility of chickenpox. By the same token, the proportion of case patients reporting a history of prior varicella-zoster virus infection has been increasing since vaccination began [14] , so this cannot be reliably used to exclude the diagnosis of chickenpox. Chickenpox can be differentiated from smallpox by the presence of superficial lesions on an erythematous base (often described as a "dew drop on a rose petal") and by the appearance of lesions in crops and in different stages of development on any 1 part of the body [3, 4] . Unlike smallpox, chickenpox usually has a centripetal (central) distribution; lesions rarely occur on the palms or soles. Chickenpox lesions also evolve rapidly, compared with smallpox lesions, typically progressing from macule to papule to vesicle to pustule to scab within 24-48 h [2, 15] . Finally, patients with chickenpox rarely appear toxic or moribund, whereas this was a frequent finding among patients with smallpox [1, 2] . Data from the Varicella Active Surveillance Project case report forms were not sufficient to assess all criteria; therefore, it was not possible to determine what proportion of chickenpox cases would actually be classified as high, moderate, or low likelihood of being smallpox, except in the broad terms presented above.
There are limited published data on varicella prodromes with which to compare the findings of the current study. The texts we reviewed vary in their descriptions of prodrome frequency and severity [2, 7-9, 15, 16] . The only empirical data come from a 1962 study by Ross [17] , in which data on prodromal symptoms were collected from 322 children with chickenpox aged 6 months to 12 years. Headache was reported by 10%, abdominal pain was reported by 5%, and vomiting was reported by 1%. These findings are consistent with the range of frequencies found in our study. The prevalence of prodromal fever was not reported in the Ross study [17] .
Consistent with the existing literature, in addition to the expected differences between vaccinated and unvaccinated patients, adult patients with chickenpox were more likely to experience febrile prodromes than were children [2, 9] . During and after the smallpox eradication era, chickenpox was the disease most frequently confused with smallpox [1, 2] . Adult patients with chickenpox caused the greatest concern, which mirrors recent experience in the United States, where 19 of 23 chickenpox cases reported to the CDC for suspicion of smallpox were in adults [5] . White patients also reported more prodromal symptoms and more severe prodromal illness than did African American patients. Whether this represents a true difference or a difference in reporting, possibly related to differences in socioeconomic status or education level, cannot be determined from these data.
Certain limitations need to be considered in evaluating the results of this study. First, all data on prodromal symptoms, illness severity, and history of prior varicella were self-reported. Second, less specific terms were accepted as proxies for "prostration" and for "severe abdominal pain" in determining whether case patients met the smallpox febrile prodrome criteria. This may have resulted in an increased number of case patients meeting the criteria. Conversely, considering only those with documented temperatures of у38.3ЊC to have met the fever criterion may be unduly restrictive, because measured temperatures were available for only 148 of the 287 case patients reporting prodromal fever.
The smallpox prodrome data referenced in this study were drawn from cases occurring in a single geographic region 130 years ago [6] . Although the majority of cases were "ordinary type" smallpox (variola major), the series included patients with modified disease and other less common presentations. It is impossible to predict whether cases in a different population-and possibly caused by an altered form of the variola virus-would present with the same symptoms. However, these data represent the most complete description of smallpox prodromes in the literature and are therefore the best available basis for comparison.
In summary, febrile prodromes do occur in a significant proportion of patients with chickenpox. These prodromes occur less frequently and are much less severe than the prodrome associated with smallpox. Nevertheless, an appreciable proportion of patients with chickenpox do meet the smallpox febrile prodrome criteria as presented in the CDC algorithm and therefore run the risk of being classified as having a moderate or high likelihood of smallpox. On the basis of reported vaccine impact and coverage data, we project that ∼800,000 cases currently occur annually in the United States [10, 18, 19] . Our data indicate that between 3% and 17% of these cases, or ∼24,000-136,000 cases per year, will meet the smallpox febrile prodrome criteria. Although these numbers are likely to decrease as vaccination coverage increases, they underscore that the febrile prodrome alone is not a sufficient marker of the likelihood of smallpox and that all of the major and minor criteria should be considered together in making this assessment. An interactive version of the CDC algorithm is available online at http://www.bt.cdc.gov/agent/smallpox/diagnosis to assist clinicians and public health workers in this process.
